In the context of topcolor-assisted technicolor (TC2) models, we calculate the associated production of the neutral top-pion π 0 t with a pair of top quarks via the process e + e − −→ ttπ 0 t . We find that the production cross section is larger than that of the process e + e − −→ ttH both in the standard model (SM) and in the minimal supersymmetric SM. With reasonable values of the parameters in TC2 models, the cross section can reach 20f b. The neutral top-pion π 0 t may be direct observed via this process.
The mechanism of electroweak symmetry breaking (EWSB) remains the most prominent mystery in elementary particle physics despite the success of the standard model (SM) tested by the high energy experimental data. The present and next generation of colliders will help explaining the nature of the EWSB and the origin of fermion masses. The LHC is expected to directly probe possible new physics (NP) beyond the SM up to a scale of a few TeV, while the high energy linear e + e − collider (LC) is required to complement the probe of the new particles with detailed measurements. Further more, some kinds of NP predict the existence of new particles that would be manifested as rather spectacular resonance in the LC experiments, if the achievable centre-of-mass energy is sufficient. Even their masses exceed the centre-of-mass energy, it also retains an indirect sensitivity through a precision study of the virtual corrections to electroweak observable. A LC represents an ideal laboratory for studying this kind of NP [1] .
Until a Higgs boson with large coupling to gauge boson pair is discovered, the possibility of strong EWSB must be entertained [2] . The most commonly studied class of theories is technicolor (TC) [3] , which dynamical break the electroweak symmetry. Although TC models have many theoretical problems as well as conflicts with data and broad classes of these models have been ruled out, there are still viable models worthy of investigation in light of the capabilities of the current generation of experiments.
It is widely believed that the top quark will be a sensitive probe into physics beyond the SM.The properties of the top quark could reveal information about flavor physics, EWSB, as well as NP [4] . Given the large value of the top quark mass and the sizable splitting between the masses of the top and bottom quarks, it is natural to wonder whether m t has a different origin from the masses of the other quarks and leptons. There may be a common origin for EWSB and top quark mass generation. Much theoretical work has been carried out in connection to the top quark and EWSB. The TC2 models [5] , the top see-saw models [6] , and the flavor universal TC2 models [7] are three of such examples. Such type of models generally predict a number of scalars with large Yukawa coupling to the third generation. For example, TC2 models predict the existence of the top-pions (π ± t , π 0 t ). These new particles are most directly related to the EWSB. Thus, studying the possible signatures of these new particles at present and future high energy colliders would provide crucial information for the EWSB and can be used to test TC2 theory.
The production of a Higgs boson predicted by the SM or the minimal supersymmetric SM (MSSM) in association with a pair of top-antitop quarks is of extreme interest for two reasons [8] . First, the ttH production mode can be important for discover of a Higgs boson around 120 − 130GeV at the LHC, and even at the Run II of the Tevatron with high enough luminosity [9] . Although it has a small event rate(1 ∼ 5f b) for a SM-like Higgs boson,and even lower for an MSSM Higgs boson, the signature is quite spectacular. Second, this production mode offers a direct handle on the Yukawa coupling of the top quark, supposedly the most relevant one to understand the nature of fermion masses. Both the LHC and LC can use the second feature to try a precision measurement of the ttH coupling.
The signals of the ttH production mode has been studied quite extensively in the LC [10] , Tevatron and LHC [9] in the context of the SM and MSSM. Recently, Ref [11] has investigated the associated production of a neutral scalar predicted by TC2 models with a pair of top quarks at hadron colliders. They find that the neutral scalar may be observed at the LHC via the process pp → ttφ. In this paper, we will calculate the production cross section of the process e + e − → ttπ 0 t and the discuss the possibility of the detecting π 0 t via this process in the future LC experiments. We find the production cross section is larger than that of the process e + e − → ttH. In most of the parameter space of the TC2 models, the production cross section is larger than 5f b which may be detected in the future LC experiments.
TC2 models generate the large top quark mass through the formation of a dynamical tt condensation and provide possible dynamical mechanism for breaking electroweak symmetry. In TC2 models, the EWSB is driven mainly by TC interaction, ETC interactions give contribution to all ordinary quark and lepton masses including a very small portion of the top quark mass, namely m ′ t = ǫm t with ǫ ≪ 1. The topcolor interactions also make small contributions to the EWSB and give rise to the main part of the top quark mass m t − m ′ t = (1 − ǫ)m t similar to the constituent masses of the light quark in QCD. This means that the associated top-pions π 0 t , π ± t are not the longitudinal bosons W and Z, but separately, physically observable objects.
To maintain eletroweak symmetry between top and bottom quarks and get not generate m b ≈ m t , the topcolor gauge group is usually take to be a strongly coupled SU(3) U(1). At the Λ ∼ 1T eV , the dynamics of a general TC2 model involves the following structure [5, 12] :
where ′ to ordinary fermions can be written as:
where g 1 is the U(1) Y 1 coupling constant at the scale Λ T C and θ ′ is the mixing angle with tan θ ′ = g 1 /(2 √ πk 1 ). To obtain proper vacuum tilting (the topcolor interactions only condense the top quark but not the bottom quark), the coupling constant k 1 should satisfy certain constraint, ie. k 1 ≤ 1 [7, 12] . In the following estimation, we will take k 1 = 1. The choice k 1 = 1 corresponds to tan 2 θ ′ = 0.01 [12] . For TC2 models, the underlying interactions, topcolor interactions, are non-universal and therefore do not posses a GIM mechanism. The non-universal gauge interactions can result in the flavor changing (FC) coupling vertices when one writes the interactions in the quark mass eigen-basis. Thus, the top-pions have large Yukawa couplings to the third family quarks and can induce the new FC scalar couplings. For the neutral top-pion π 0 t , the relevant coupling can be written as [5, 13] :
where F t is the top-pion decay constant and ν w = ν/ √ 2 = 174GeV . It has been shown that the values of these coupling parameters can be taken as:
From above discussion, we can see that the ttπ 0 t production channels can be represent by the processes:
Using Eq. (2)- (4) and other relevant Feynnman rules, we can give the invariant scattering amplitude of the process e + e − → ttπ 0 t .
with
where
a e = e 4 sin θ cos θ ,
Where √ s is the centre-of-mass energy of the LC experiments and M Z ′ is the mass of the topcolor gauge boson Z ′ . The decay width Γ Z ′ is dominated by tt, bb and we have [14] :
which corresponds to tan 2 θ ′ = 0.01. To obtain numerical results we take the SM parameters as sin 2 θ = 0.2315, α = 1 128.8 , m Z = 91.2GeV , Γ Z = 2.495GeV and m t = 175GeV [15] . For TC2 models, the parameters m πt , ǫ and M Z ′ are the free parameters. To see how those parameters affect our numerical results, we take 200GeV ≤ m πt ≤ 450GeV , 0.01 ≤ ǫ ≤ 0.1, and 2T eV ≤ M Z ′ ≤ 6T eV .
The ttπ 0 t production cross section σ is plotted in Fig.1 as a function of m πt for the centre-of-mass energy √ s = 1.5T eV , M Z ′ = 2.5T eV and three values of the parameter ǫ.
From Fig.1 we can see that σ is not sensitive to the value of parameter ǫ and decreases with m πt increasing. Thus, in the following numerical estimation, we will take ǫ = 0.05. Recently, Ref. [16] has shown that BB mixing provides strong lower bounds on the masses of B A µ and Z ′ bosons, i.e. there must be larger than 4T eV . In Fig.3 we take M Z ′ = 5T eV and plot σ as a function of √ s for three values of the top-pion mass. From Fig.3 we can see that, when √ s is larger than 2T eV , the cross section σ is not sensitive to the value of the centre-of-mass energy √ s. For √ s = 2T eV and ǫ = 0.05, σ increase from 6.8f b to 21.8f b as m πt decreasing from 450GeV to 250GeV .
The process e + e − → ttH has been extensively studied and calculated both in the SM and in the MSSM at O(α s ) [10] . The cross section turns out to be highly sensitive to the top Yukawa coupling g ttH over most of the parameter space. Although the cross section is very smaller than 2f b for m H = 120 − 130GeV , the signature for ttH production mode is spectacular. It has been shown that the top Yukawa coupling g ttH can be measured with a precision of the order of 7 − 15% at √ s = 1T eV for M H = 120 − 130GeV , assuming a btagging efficiency between 0.6 and 1 [17] and with a precision of 5.5% at √ s = 800GeV , when optimal b-tagging efficiency is assumed [18] . The cross section of the process e + e − → ttπ 0 t is larger than 5f b, even for M Z ′ = 5TeV and ǫ = 0.01, which is significantly larger than that of the process e + e − → ttH. Thus, the top Yukawa coupling g ttπ 0 t can be precisely measured in the future LC experiments. The signatures for ttπ 0 t production mode may be detected. Since the negative top-pion corrections to the Z → bb branching R b become smaller when the top-pion is heavier, the LEP/SLD data of R b give lower bound on the top-pion mass [19] . Ref. [20] has shown that the top-pion mass is allowed to be in the range of a few hundred GeV depending on the values of the parameters in the TC2 models. So we have take the mass of the top-pion to vary in the range of 200GeV − 450GeV . For 200GeV ≤ m πt ≤ 350GeV , the dominate decay channel is π 0 t →tc. If we take K tc U R = 0.05, m πt = 300GeV , we have that the branching ratio B r (π 0 t →tc) is approximately equal to 60% and B r (π 0 t → gg) is only equal to 16% [21] . This is different from that of Ref. [11] , which has assumed that the top-pion can not induce the FC scalar coupling. Thus, the produce mode ttπ 0 t should be detected via the dominate decay channel π 0 t →tc, which has been extensively studied in Ref. [13] . For m πt > 350GeV , the branching ratio of the decay channel π 0 t → tt is close to 100%, all other decay channels may be ignored. In this case, the associated production of the π 0 t with a pair of top quarks induces an four top quark final state, which may be experimentally observable [22] .
From triviality, we see that the SM can only be an effective theory valid below some high energy scale Λ, the strong EWSB theories might be needed [23] . The strong top dynamics models, such as TC2 models, are the modern dynamical models of EWSB. Such type of models generally predict a number of scalars with large top Yukawa couplings. Direct observation of these new particles via their large top Yukawa coupling would be confirmation that the EWSB sector realized in nature is not the SM or part of the MSSM. In this paper, we investigate the top quark associated production with the neutral top-pion π 0 t and calculated the cross section of the ttπ 0 t production mode via the process e + e − → ttπ 0 t in the context of TC2 models. Our results show that the cross section is significantly larger than that of the process e + e − → ttH and is larger 5f b in most of the parameter space. With reasonable values of the parameters in TC2 models, the cross section can reach 20f b. Thus, the neutral top-pion π 0 t may be direct observed via the process e + e − → ttπ 0 t . 
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